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Abstract
Humans are indispensable in the manufacturing industry as its complexity increases in an Industry 4.0 context, mainly due to
changing customer demands. Managing the challenges of increased complexity can create a competitive advantage for SMEs.
Technologies which enable the emerging phenomenon of Industry 4.0 have the possibility to simplify the sharing of information
and knowledge among people at work, especially for Operator 4.0. However, few SMEs have actually implemented such
technologies for this purpose. Therefore, this paper aims to create an understanding of the current state and challenges which
need to be overcome, and further, to provide some insights on future possibilities by identifying the stages of Industry 4.0
development of SMEs with regards to their capabilities. This qualitative interview study focuses on how human-centered
production processes are currently supporting assembly and office work. Two Swedish SMEs were studied, where almost all
of their operators andmanagement team on site were interviewed individually concerning their views on their current capabilities.
The interviews were thematically analyzed with regards to the state-of-the-art research, and results show that the case companies
are in some aspects digitized with regards to computerization and connectivity, but have some challenges in making the shared
production-related information more visible and transparent, especially on shop-floors where most information and knowledge
are shared through word of mouth or with pen and paper. Conclusively, the studied SMEs have started their digitalization journey,
but further Industry 4.0 development needs to align with their respective conditions and needs. While Industry 4.0 enabling
technologies that support information and knowledge sharing are emerging, organizational development can support the imple-
mentation of such technologies, which should be the focus for future research.
Keywords Information sharing . Knowledge sharing . Industry 4.0 . Operator 4.0 . SME
1 Introduction
The manufacturing industry is becoming increasingly more
complex with regards to a higher product variety in assembly
systems [1]. This development from mass production towards a
closer catering of individual customers’ needs put new demands
on modern production systems [2]. Instead of solely mitigating
the challenges of complexity, a competitive advantage can be
gained by embracing the complexity that can improve the per-
formance of assembly systems [1]. The demands for individu-
alized products are shifting high volume mass production to-
wards a batch-size-of-one production [3]. This has led to an
increase in complexity, which calls for the implementation of
technologies that can support such transition [4]. This
technology-driven development of the manufacturing industry,
Industry 4.0 [4], creates a new level of interaction between ac-
tors and resources involved in modern production systems [5].
The promises of Industry 4.0 are going to be realized by skilled
operators on shop-floors that are cyber-physical systems [6].
The presence of the human operators on shop-floors, which in
essence are socio-technical systems [2], is vital for managing
complexity [1], interaction and initiatives [5], coordination and
problem-solving [6], and decision-making [7].
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This skilled operator of the future, introduced by Romero
et al. [8] as Operator 4.0, can and should be aided in various
ways to create socially sustainable workplaces, for example
with smart wearables [9]. Then, the dissemination of informa-
tion and knowledge becomes important to cognitively aid
humans at work [8, 10]. To manage the aforementioned in-
crease in production complexity, more information and
knowledge need to be shared among operators and managers
[11], especially for large manufacturing companies with high
product variety [12]. Recent technological development has
benefitted such knowledge management practices [13] and
demonstrators have been created as proofs-of-concept [14].
Even though large companies are moving in this direction, it
remains difficult for SMEs to implement digital technologies
related to Industry 4.0 for such purposes, albeit more and more
SMEs are becoming more and more ready for it [15, 16], in
Sweden [11], in France [17], as well as in Germany [18, 19].
The purposes of this paper are to provide some insights into
how SMEs consider their current digitalization status and give
a future outlook concerning information and knowledge shar-
ing in a human-focused Industry 4.0 context. The current ca-
pabilities of the studied SMEs are explored in terms of their
Industry 4.0 maturity [20] in four structural areas and are
further discussion explore how the development of Industry
4.0 capabilities can support Operator 4.0 [8] in Assembly
System 4.0 [10].
2 Industry 4.0
Industry 4.0 as a genre is well-researched [21]. In this paper,
Industry 4.0 is regarded as a technology-driven [4] paradigm
shift [2] of the manufacturing industry [22] that will digitally
integrate production networks both horizontally and vertically
[5]. This development will benefit humans working in
Industry 4.0 context ergonomically, both physical [23, 24]
and cognitive [25]. However, concerning cognitive ergonom-
ics, focusing on the information and knowledge needs of
humans working in Industry 4.0 SMEs are published to a
lesser extent.
In this paper, Industry 4.0 Maturity Index [20] is used to
assess the current production-related information and knowl-
edge sharing capabilities at studied SMEs. With regards to the
current capabilities, the development towards future capabili-
ties is discussed by applying the characteristics of Assembly
System 4.0 [10].
2.1 Related research
Filtering in the Scopus database with titles, abstracts, or key-
words containing information or knowledge, and further lim-
itation to the keywords Industry 4.0 or Industrie 4.0, rendered
957 documents for the years 2014–2018. Within this set of
documents, 55 papers contained SME. The abstracts of these
papers were assessed with regards to whether its content indi-
cated it to encompass either, some, or all of these three cate-
gories [26, 27]:
& Human: tendencies towards anthropocentrism, where hu-
man operators are considered on an individual level, in-
cluding mention of decision-making, collaboration, or
ICT tools, since it implies communication between people
[8, 25].
& Technology: focus on Industry 4.0 enabling technologies,
including ICT tools or IoT platforms.
& Organization: including management issues, business
cases, value creation, and financial profitability.
The focus of this paper centers around humans sharing
information and knowledge in SMEs within an Industry 4.0
context. Hence, this filtering of previous related research in
this area. Out of the 55 documents, four documents did not
focus on the manufacturing industry, six documents do not use
SME as an abbreviation for small- and medium-sized enter-
prises, and 12 documents used the words information and
knowledge in a sense that it regarded the general body of
knowledge, through research or learning factories, that the
document itself contributes to, and not information and
knowledge that exists within SME. These documents were
filtered out, leaving nine remaining documents within range,
as listed in Table 1.
Considering this paper’s human-centered focus of Industry
4.0, the nine documents that are listed in Table 1 after the
screening shows that little previous research has been con-
ducted concerning human aspects of information and knowl-
edge sharing in SMEs and Industry 4.0. However, Industry 4.0
is very technology-driven, which is also reflected in Table 1,
where all the papers that consider human factors also deal with
its interaction with automation, with the exception of one pa-
per [31], which focused more on the humans in an organiza-
tional context. Five of the papers also connect human factors
and technology to an organizational context [32–36].
Even though nine of the papers consider SMEs, only
six papers [29–31, 33, 35, 36] have a clear targeting to-
wards SMEs. None of the papers is actually stating that
companies have actually achieved any level of Industry
4.0 implementation when it comes to information and
knowledge sharing among people working in SMEs.
Two papers propose software architecture [28, 29], three
papers explore future opportunities [30–32], two papers
have developed prototype tools that could be implemented
[33, 35], and two papers review current state in relation to
Industry 4.0 [34, 36]. While Zhong et al. [34] reviews
intelligent manufacturing in general, independent of
SMEs or large companies, Neirotti et al. [36] focus on
ICT-based capabilities with a quantitative research
Int J Adv Manuf Technol
approach. Hence, this paper’s interest in exploring other
capabilities with a qualitative research approach.
2.2 Industry 4.0 Maturity Index
For evaluating the level of readiness or maturity towards
implementing aspects of Industry 4.0, various assessment
tools exist [37, 38]. Brozzi et al. [37] review ten of such
self-assessment tools for SMEs and conclude that there is
no one-size-fits-all solution. Similarly, Wiesner et al. [38]
review four maturity models with SMEs in consideration,
with less emphasis on self-assessment as Brozzi et al.
[37]. Wiesner et al. [38] conclude that the maturity
models presented by Schumacher et al. [39], Jarrahi
et al. [40], and Lichtblau et al. [41] are simpler to apply
and require less knowledge about Industry 4.0 for the
companies themselves compared to the maturity index
presented by Schuh et al. [20]. However, However, the
Industry 4.0 Maturity Index [20] was selected as a meth-
odological foundation for this paper since it considers a
more holistic approach including an emphasis on organi-
zational issues, which is important when it comes to im-
plementation of Industry 4.0 enabling technologies [11].
Schuh et al. [20] introduce four structural areas of
businesses to study in order to assess the maturity to-
wards Industry 4.0. These four structural areas are listed
in Table 2 together with two guiding principles each,
which explains which capabilities are necessary to attain
Industry 4.0. These structural areas can then be applied
to various functional areas of businesses. In this paper,
the production is studied, with the delimitation towards
human-centered shop-floor and related production
management.
Resources include equipment, tools, materials, final prod-
ucts, and in this context also human resources [20]. The phys-
ical assets and humans contain and possess data, information,
and knowledge tangible that are important to be shared and
processed. The digital capabil i ty and structured
communication entail two principles for resources’
information-based working and its interaction with each other,
respectively.
Information systems refer to a socio-technical system
(i.e., shop-floors in this paper) and its ability to support
decision-making with regards to the two principles of
self-learning information processing and information
system integration, which focus on the manner of prep-
aration and usefulness of presented information as
decision-making support and the integration of IT sys-
tems to enhance the presented information, respectively
[20].
Organizational structure addresses formal positions and
relations, both within a company internally and throughout
the supply chain network external to the company [20].
Thus, the information and knowledge sharing within the prin-
ciples of organic internal organization and dynamic collabo-
ration within the value network.
Culture denotes softer organizational values and human
behavior, focusing on a willingness to change and social
collaboration [20], and further, how these two principles are
supported by information and knowledge sharing.
Table 1 Papers focusing on human aspects of information and knowledge in Industry 4.0 with SMEs in consideration
Authors Year Ref. Additional focus, in addition
to human aspects
Summary of paper contents
Ferrer and Lastra 2017 [26] Technology Proposes an architecture for private local automation cloud,
that can store information and knowledge that end-users
on shop-floors can access.
Dassisti et al. 2018 [27] Technology Proposes a meta-model for formalized knowledge, exemplified
by applications concerning traceability, AR assembly support,
and data interpretation.
Taylor et al. 2018 [28] Technology Foresees an Operator as a Maker in an agile manufacturing context,
comparing SME manufacturers to designers.
Quattrociocchi et al. 2018 [29] Organization Emphasizes the importance of technical, methodological, social,
and personal competencies of SME employees.
Barreto et al. 2017 [30] Technology and Organization Introduces an overview of implications for logistics,
both in-house and transportation.
Müller et al. 2017 [31] Technology and Organization Evaluates an ICT tool for vertical and cross-functional information sharing.
Zhong et al. 2017 [32] Technology and Organization Reviews intelligent manufacturing in general.
Gasparetto et al. 2018 [33] Technology and Organization Proposes to implement a modular intelligent workpiece carrier with
an interface to support operators’ with relevant information.
Neirotti et al. 2018 [34] Technology and Organization Explores the use of ICT tools among SMEs.
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For each of these four structural areas, Schuh et al. [20] use
a six-stage development path to assess the Industry 4.0
Maturity Index, where each stage needs to be attained before
commencing the next stage. An adapted version of the six
stages is presented in Fig. 1, where a stage 0 is introduced to
represent the preceding pre-digitalization paradigm.
Information and knowledge sharing in stage 0 are often char-
acterized by oral “word of mouth” communication or written
“pen and paper” communication.
The digitalization paradigm consists of computerization
and connectivity, which provides a basis for future develop-
ment. While both require the use of IT systems to support
information and knowledge sharing, connectivity implies
crude interoperabil i ty between IT systems while
computerization let the IT systems remain in isolation to each
other.
The Industry 4.0 paradigm is based on digitalization [42]
but takes it further [20]. Visibility integrates IT systems to
create a single source of truth, resolving contradictions.
Transparency transforms this single source of truth to a digital
shadow that supports aggregation of data and information.
Predictive capacity uses the digital shadow and aggregation
of data and information to better support human decision-
making. Finally, adaptability allows certain decisions to be
made autonomously. Along with the progress stage by stage,
the IT landscape moves from basic digitalization through
cross-functional connectivity enabling horizontal and vertical
integration towards full digitalization with the adaptability of
systems [42].
2.3 Assembly System 4.0
Industry 4.0 enabling technologies support the digitalization
of the manufacturing industry. Bortolini et al. [10] list six
characteristics of Assembly System 4.0, i.e., assembly work
impacted by the implementation of Industry 4.0 enabling
technologies:
& Aided assembly
& Intelligent storage management
& Self-configured workstation layout
& Product and process traceability
& Late customization
& Assembly control system
3 Interviews with shop-floor operators
and office workers
There is a lack of SMEs having implemented Industry 4.0
enabling technologies with the purpose of improving informa-
tion and knowledge sharing activities. For this particular
study, two Swedish SMEswere selected based on their respec-
tive interest in improving internal communication, as
expressed from their management teams. Shop-floor operators
and office workers from these two SMEs were interviewed.
Based on the interview results, the Industry 4.0Maturity Index
[20] was used to identify the two SME’s current Industry 4.0
Table 2 The four structural areas
and its guiding principles [20] Structural area Guiding principles
Resources Digital capability
Structured communication
Information systems Self-learning information processing
Information system integration
Organizational structure Organic internal organization
Dynamic collaboration within the value network
Culture Willingness to change
Social collaboration
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Fig. 1 Stages in the development
path for Industry 4.0, i.e., maturity
index, adapted from Schuh et al.
[20] to also include stage 0
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capabilities. The participation of the companies is listed in
Table 3.
Company A manufactures, sells, and installs heat and
smoke exhaust ventilators and roof domes for the intake of
natural light. At their main site, they have 11 employees in-
cluding the CEO. Four employees work with sales and pro-
duction management, and seven employees work on the shop-
floor. All of their main site employees, except one operator,
were interviewed. Additionally, several regional installation
operators work from various other locations in Sweden.
Company B sells, installs, and provides service for scales
andweighing informationmanagement systems. At their main
site, they have five employees including the CEO, that work
with sales and management. All of their main site employees
were interviewed. Additionally, several regional installation
and service operators work from various other locations in
Sweden.
A semi-structured interview approach was selected to qual-
itatively understand the current capabilities of the selected
SMEs. The interview questions were designed to be centered
around production-related information and knowledge shar-
ing with question areas aligned with the guiding principles
of the four structural areas, as listed in Table 2, and with the
aim of being able to make an assessment of the Industry 4.0
Maturity Index for each of the four structural areas, as listed in
Fig. 1. The interviews were held individually, focusing on the
interviewees’ descriptions of current activities and thematical-
ly analyzed to allow for categorization within the structural
areas to appear. With this thematic analysis, qualitative data is
quantified for comparisons [43]. The trustworthiness of the
results lies in the establishment of credibility, transferability,
dependability, and confirmability of the research [44].
The interviews were conducted in Swedish, as it was the
preferred language of the interviewees, an English translation
of the questions of the interview guide is listed in Appendix.
4 Results: Current Industry 4.0 capabilities
The assessment of current Industry 4.0 capabilities is based on
the interviews. The interview results for each group of inter-
viewees, as listed in Table 3, were analyzed thematically to-
gether. Common themes among the interviewees are
presented descriptively in Sects. 4.1, 4.2, and 4.3 with regards
to the guiding principles from Table 2. Section 4.4 summa-
rizes the capabilities across interview groups in terms of struc-
tural areas (Table 2) with maturity indices (Fig. 1) for each
structural area and interview group.
4.1 Shop-floor operators at company A
The shop-floor operators at company A have different work
tasks, ranging from machining to assembly. Six out of seven
operators were interviewed as one operator declined
participation.
4.1.1 Resources
Digital capability Within the planned work tasks, decisions
made by operators themselves relate to the assembly work
itself and which order to assemble components. These deci-
sions are made based on the operators’ own experiences or in
discussions with the production manager. Necessary data for
the assembly work consists predominantly of measurements
of workpieces, which are acquired by using a folding
rule/yardstick. The operators also do mental calculations with
no digital support.
Structured communication Operators’ communication with
other operators on either the preceding or subsequent work-
stations is not standardized. To pass on information to the
subsequent workstation, two operators use a pencil to write
information on the work order sheet, two operators use felt
pen to write information on the workpiece, and the remaining
two operators go and talk to the next operator. These different
practices may stem from different requirements for the various
workstations that need to be addressed with different
approaches.
4.1.2 Information systems
Self-learning information processing Aggregation of data and
information that operators use on the shop-floor and that affect
their decision-making are processed on a per work order basis.
The operators need to interpret the data and information on the
work order sheets themselves in order to make it useful for
Table 3 Participation sample of
interviewees Company Number of employees at their
main site
Number of
interviewees
Group of interviewees
A 7 6 Shop-floor operators
A 4 4 Office workers, with operators in the
same building
B 5 5 Office workers, with operators at other
locations
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their assembly work context, which becomes easier with ex-
perience. These work order sheets, along with a daily control
meeting constitute the major information sharing channels for
the operators’ work. However, there is little operator insight
into how the data and information in the work order sheets are
stored.
Information system integration The operators’ information
exchange with suppliers and customers outside the factory is
very uncommon. An example of such rare information ex-
change can be feedback to suppliers about material and tool
quality. However, this information is always passed along
through the production manager.
4.1.3 Organizational structure
Organic internal organization Operators are assigned to spe-
cific workstations and are constrained to their associated work
tasks. When issues or questions regarding certain products or
specific work orders appear, the operators are often consulting
with each other or the production manager. However, if a
product-related decision needs to be made, the production
manager is involved.
Dynamic collaboration within the value network Operators
have no direct contact with end customers. Except for the
product data and information on the work order sheets, the
operators are not aware of the needs and wishes of the end
customers.
4.1.4 Culture
Willingness to change Quality defects that occur are mostly
detected in-house before shipping out to customers. When
detected, individual operators’ errors are discussed immedi-
ately with a problem-solving approach. Mistakes are also
discussed during daily control meetings in terms of how the
operator’s work method can be improved based on the other
operators’ experiences in order to avoid future errors. For
operators, learning new skills primarily constitutes of
shadowing an operator that shows and tells about how to
perform the work tasks of a specific workstation. The opera-
tors’ opinions on how changes on the shop-floor are shaped
and their possibility to affect these changes vary. Changes to
product design and production planning are decided by the
management team. Ideas related to simplification of work
methods and shop-floor logistics are often initiated by the
operators.
Social collaboration Some operators think that they can affect
production-related changes if they want, but many choose not
to. Half of the interviewed operators mention that they shared
knowledge with colleagues on the shop-floor in order to
improve either the work method for their colleagues specifi-
cally and for the company’s performance in general. The op-
erators trust the provided information in the work order sheet,
except for this information, most of their work is based on
own previous experiences.
4.2 Office workers at company A
The office workers at company A have different work tasks,
including sales and management. Although having other work
responsibilities than shop-floor operators, the office workers
have direct, or indirect, information, and knowledge sharing
with shop-floor operators, e.g., preparation of work orders. All
four employees were interviewed concerning their informa-
tion and knowledge sharing with the operators.
4.2.1 Resources
Digital capabilityDepending onwhich type of office work, the
use of information and communication technology to support
decision making varies. It can be e-mail correspondence for
sales and the Enterprise Resource Planning system for com-
puting the planning of production. Production data exists and
is used for both sales and production planning but is gathered
manually.
Structured communication Office workers’ communication
with each other is often done by talking to each other. Daily
planning meetings are documented, but correspondence out-
side of these meetings is rarely documented.
4.2.2 Information systems
Self-learning information processing Most data and informa-
tion regarding the products and work orders are stored in the
ERP system, but processing is done manually and the office
workers often need to make their own interpretations to con-
textualize the information for their own use.
Information system integration The office workers keep in
contact with suppliers and customers. Most information ex-
change with customers is done by emails or phone calls.
However, if customers call for an update on the production
progress of their order, the sales officer needs to go and ask the
production manager.
4.2.3 Organizational structure
Organic internal organization When issues or questions re-
garding certain products or specific work orders appear, office
workers are having difficulties in finding direct knowledge-
able support. The received support from other office workers
tends to have a moral character, due to the varying work tasks
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among them. Most decisions are made by the office workers
themselves. However, if it is an especially important or big
decision to be made, it is escalated to the CEO. The judgment
of whether to escalate or not is based on personal judgment/
experience.
Dynamic collaboration within the value network Product
changes and development work is often initiated as a result
of shifting customer demands/wishes. However, sometimes
such demands may come when their order is already in
production.
4.2.4 Culture
Willingness to change There exists a focus on solving errors,
but these are not used as a learning experience for future
betterment. However, decisions concerning sales and produc-
tion are based on a spreadsheet and calendar system but are
manually computed. For office workers, new skills have been
learned by inviting instructors. For operators, standardized
manuals have been developed for work tasks that have a more
routinely character. However, much learning is done by trial-
and-error. The office workers have different perceptions on
how changes on the shop-floor are implemented. Some feel
that most changes are initiated by office workers and that there
is a lack of contribution from operators, while others feel that
when changes are initiated, both office workers and operators
work together equally to realize the new ideas.
Social collaboration New ideas are shared with colleagues but
are not structured, as it rather happens spontaneously depend-
ing on the work situation. There is a mix of much information
being documented in IT systems, but also a lot of work tasks
that rely on tacit knowledge of the office workers. There is
trust in the IT systems, especially in the ERP system that is
used to create work orders, but much information is manually
inputted.
4.3 Office workers at company B
The office workers at company B have different work tasks,
including sales and management. Although having other work
responsibilities than shop-floor operators, the office workers
have direct, or indirect, information and knowledge sharing
with the operators that work at other locations in Sweden, e.g.,
preparation of work orders. All five employees were
interviewed concerning their information and knowledge
sharing with the operators.
4.3.1 Resources
Digital capability Work is heavily dependent on IT systems,
e.g., ERP system, service system, spreadsheets, sales
planning, and budget offers. Processed data and statistics for
planning are manually put into their ERP system, where much
computations are done manually.
Structured communication Office workers’ communication
with operators is carried out in various ways, most usually
through their IT systems, but when documented information
is unclear, phone calls are made for clarification since their
operators are elsewhere stationed.
4.3.2 Information systems
Self-learning information processing Most data and informa-
tion regarding the work orders are stored in the ERP system
and are often easily found. While work orders, deliveries, and
other information of a follow-up character are relevant and
useful for budgeting, information concerning planning is often
based on gut-feelings and thus lack applicability and this un-
certainty diminishes the usefulness of the documented
information.
Information system integration Information from suppliers is
processed by the purchaser and information deemed relevant
is passed on through to all of the office workers during a
planning meeting.
4.3.3 Organizational structure
Organic internal organization The office workers’ view on the
possibility to get support in their work varies. Since the work
tasks differ, it is difficult to get directly relevant information,
but most felt that it was still possible to get useful feedback
from the CEO or other colleagues.
Dynamic collaboration within the value network Information
to customers is exchanged by several office workers depend-
ing on responsibility areas, e.g., sales consultation, offers, or-
der confirmation, invoicing. Most of this communication is by
email or phone.
4.3.4 Culture
Willingness to change There exists a focus on solving errors,
documentation as lessons learned are encouraged but not ex-
ecuted systematically. Training and continuous education are
done in-house to develop routines.
Social collaboration An annual meeting with all employees,
including those located elsewhere in Sweden, is arranged,
where new ideas are generated for improving the operations.
Most work is based on experience. Communication with other
office workers is mostly status updates on how work is
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progressing for individuals, giving the opportunity to get
feedback.
4.4 Summary of current Industry 4.0 capabilities
and maturity
The results across the three interview groups are assessed with
regards to the capabilities in the four structural areas.
Resources There is a lack of digital capability among operators
at company A. Data is collected manually and information
sharing does not rely on any digital technology. However,
for office workers at company A, digital technology is used
to share information and knowledge, but when it is dissemi-
nated to the operators, information is printed on paper. Even
though digital technology is used, much information and
knowledge are shared face-to-face due to them being a small
group of people in close proximity to each other. The situation
is different for company B, where its operators work at other
locations. The office workers at company B are using more
digital technology, and the various IT systems are connected
to each other in a larger extent.
Information systems Aggregation of data and information
processing is made manually without any digital technology
support for the operators. Their information exchange with
suppliers and customers is almost non-existent. For the office
workers at company A, information is processed with the use
of their ERP system. Their exchange of information from the
operators with suppliers and customers are computerized, but
there is a lack of connectivity of their IT systems. This situa-
tion is similar to company B, where their connectivity ends
within the company and the external information and knowl-
edge sharing are based on computerized information carriers.
Organizational structure Since company A is quite small, they
do not use digital technology to support their internal organi-
zation. Nor does company A have any connected digital tech-
nology for sharing information with customers, which may
result in late customization requests. Similarly, for company
B, collaboration with customers concerns product customiza-
tion and is also applying computerization rather than
connectivity.
Culture While changes and collaborations occur on the shop-
floor for the operators at company A, it is donemore hands-on
without computerization support. For the office workers, how-
ever, their workwith changing the shop-floor is often based on
data and information from the ERP system. On the contrary
for company B, their major change efforts are based on face-
to-face experiences rather than computerization.
The current Industry 4.0 capabilities are summarized in
Table 4, along with an assessment of the maturity, i.e., stages.
The information and knowledge sharing among shop-floor
operators at company A are in a pre-digitalization era of stage
0. Their office workers use computerization at stage 1, both
for their own work and for their shop-floor services. Company
B, which has their office workers and operators scattered,
relies more on computerization at stage 1. However, for their
resources, connectivity at stage 2 is used, while they are
investing their internal culture on a pre-digitalization stage 0
face-to-face contact as a counter-balance to the impersonal
everyday relationship.
5 Future Industry 4.0 capabilities
The discussion on future Industry 4.0 capabilities is based on
the current Industry 4.0 capabilities [20] (Sect. 4.4) with
regards to the characteristics of Assembly System 4.0 [10]
(Sect. 2.2).
Aided assembly Using Industry 4.0 enabling technologies to
support the work of operators, e.g., head-worn displays [10], puts
demands on a company to develop their capabilities on resources
and information systems. It may increase the digital capabilities,
but requires a structured communication (resources). Similarly,
back-end information systems need to be in place, i.e., in order
for contextualized information to be delivered, the shared content
needs to be integrated both vertically and horizontally (informa-
tion systems) [20]. This level of visibility (stage 3) is today lack-
ing at the studied companies.
Intelligent storage management Self-monitored inventory
levels that can ensure economic savings [10] may also simpli-
fy work for operators and office workers that today manually
checks inventory levels, which is the case to today for both
studied companies. This kind of self-learning information pro-
cessing (information systems) with a level of predictive ca-
pacity (stage 4) does not exist today at the studied companies.
Self-configured workstation layout Autonomously adjusting
the work environment to a specific operator’s preferences
would optimize assembly activities, but require embedded
sensors and actuators [10], which is possible to actualize in
real time [9]. However, data governance and IT security (in-
formation systems) need to be resolved for processing, storing
and managing data and information [20] of individual opera-
tors. This level of transparency (stage 4) does not exist today
at the studied companies.
Product and process traceability Assessing product quality in
real time requires extensive data collection [10] with an automat-
ed analysis with the information presented in a manner that sup-
ports decision-making (information systems) [20]. Such
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transparency (stage 4) of interaction is not present at the studied
companies today.
Late customization In amore agile company,which Industry 4.0
strives for [20], customers will be able to monitor the assembly
process and make modifications in production, e.g., additive
manufacturing enabled product flexibility [10]. Such capabilities
(resources) also put demands on conditions for more dynamic
collaboration with the customers (organizational structure).
Company A has experience of late customization, but the lack
of a predictive capacity (stage 5) something difficult.
Assembly control system To support operators and office
workers, both Schuh et al. [20] and Bortolini et al. [10] agree
that captured data needs to be processed to meaningful infor-
mation (information systems). Even though this is done at the
studied companies, it is done quite manually and does not
reach is not shared through cloud computing [10] predictive
capacity (stage 5).
6 Discussion
Easy pickings for the case companies are various forms of aided
assembly. An example given by a shop-floor operator from com-
pany A is that “I often need to ask for the measurements one
extra time when it is a special customization order,”which lends
evidence to an ineffective transfer of information. While writing
down the specific measurements with pen and paper may ensure
correct information sharing, the information already exists in the
company’s ERP system and could bemade visible and presented
to the operator while performing the assembly task at hand.
While the case companies deal with late customizations, it
challenges the internal organization to collaborate with exter-
nal customers. As a shop-floor operator expresses it:
“Sometimes I am given too little information about what to
do when there are changes to a product that I am already
working on.” When the internal organization aims to be or-
ganic and agile without a structured communication, nor a
production process that supports it, the horizontal integration
to customers becomes more important. If the companies’ re-
source capabilities enable late customizations, there are possi-
bilities for a competitive advantage since the customers al-
ready start to have such expectations.
The characteristics proposed by Bortolini et al. [10] suggest
a developmental direction for companies. Most of the charac-
teristics relate to the structural area of information systems, but
resources and organizational structure are also affected. The
case companies in this paper are at stage 0 (pre-digitalization)
for shop-floor operators and at stage 1 (computerization) for
office workers. With an Assembly System 4.0, the companies
may reach stages 3, 4, or 5 for the different structural areas, but
stage 6 (adaptability) may yet be farther off in the future.
This paper has qualitatively assessed the Industry 4.0 ca-
pabilities of two case companies based on their employees’
understanding of their working conditions. While previous
research requires company managers to possess a certain
amount of knowledge about Industry 4.0, this paper exhibits
the possibility to explore the subject based on individuals’
situational awareness. Concerning the trustworthiness of the
research [44], interviewing 15 people is a limitation. However,
the credibility is supported by member checks, where inter-
viewees were shown the outcomes for validation. While there
are differences between the challenges that large manufactur-
ing companies [12, 14] and SMEs [15, 16, 18] are facing, the
results exhibit that there also exist many similarities, showing
a transferability between the contexts of large manufacturing
companies and SMEs. The dependability, or reliability, refer-
ring to the lack of serendipity, is shown where the two case
companies have some similarities, creating comparability in
the results, where the differences between the two companies’
office workers are explained by the site conditions of their
operators. In this, the qualitative thick descriptions of the in-
terview results are consistent with the quantitative maturity
assessment, which supports the confirmability of the research.
The technological implementation of Industry 4.0, such as
outlined for Assembly System 4.0 [10], also requires consid-
eration of methodological and social competencies [31]. The
interview results show that most reflections by the inter-
viewees remain within the same maturity stage. In this paper,
the use of a maturity index [20] has supported the clarification
of development directions for sharing information and knowl-
edge in ways unimagined by the interviewees. On the other
hand, such new directions may bring unintended implications
if certain pre-requisites are not fulfilled, e.g., sufficient knowl-
edge base to be shared [29, 35], humans becoming a central
part of planning and their skills correctly assessed [30, 31],
and some departments or processes fail to become digitalized
on par with others and thus creating a digitalization gap be-
tween departments or processes [33, 36]. These examples
cause risk for implementations of Industry 4.0 enabling tech-
nologies to become misused or disused by Operator 4.0,
which is of interest for future research.
7 Conclusion
Based on the interviews with shop-floor operators and office
workers, the studied companies’ current production related
information and knowledge sharing practices are to date at a
pre-Industry 4.0 maturity stage with regards to structural areas
(resources, information systems, organizational structure, and
Int J Adv Manuf Technol
culture), i.e., Industry 4.0 enabling technologies with a capa-
bility of visibility (stage 3) is not implemented to support
information and knowledge sharing activities. Digitalization
(stages 1 and 2) capabilities have been implemented in various
extent among the structural areas. However, shop-floor oper-
ators are working in a pre-digitalization stage.
For the studied companies, the future development
concerning information and knowledge sharing in a human-
focused Industry 4.0 context needs to start with digitalization
for operators. In order to reach visibility (stage 3) and integrat-
ing IT systems, operators need to catch up office workers in
terms of availability of IT systems that support their informa-
tion and knowledge needs. To further advance towards
Operator 4.0, the characteristics of Assembly System 4.0 give
hints of the possible outlook for a near future, at stages 3
through 5.
The studied companies have started their digitaliza-
tion journey, but a continuation of Industry 4.0 progress
needs to align with their respective conditions and
needs. In order to take advantage of Industry 4.0 en-
abling technologies, resources, organizational structure,
and mostly culture needs not to be neglected, since it
is easier to solely be focusing on information systems.
Future research needs to be twofold concerning sharing
information and knowledge in an Industry 4.0 context.
It is important to continue to develop capabilities when
it comes to resources and information systems but per-
haps even more important to create a supportive orga-
nizational structure and culture, as these two structural
areas build the foundation and create the demand of
workplaces like Assembly System 4.0 for Operator 4.0.
Acknowledgements The research has been carried out within the frame-
work of the research projects Global Assembly Instruction Strategies 2
and MEET-UP, both funded by Vinnova, the Swedish Governmental
Agency for Innovation Systems. This support is gratefully acknowledged.
Appendix. Interview questions
The questions used in the semi-structured interviews, sorted by
the guiding principles. Translated from the original Swedish.
Digital capability:
& Which considerations and decisions do you make in your
work?
– Do you have any support when making these
considerations?
& Do you need to measure, weight, or in any other way find
out data or information in your work?
– Do you have any support when making these
measurements?
& Concerning data and information that you need for your
work, do you compute it yourself or are you in any way
presented with the data and information?
Structured communication:
& When you work with a product, when you receive it from
the preceding workstation, and when you give the product
to the subsequent workstation or there any data or infor-
mation that the next operator needs to know?
– Is this written anywhere or do you talk to each other?
& In situations when you need information, but cannot find
the right person, can you find the information written
anywhere?
– Is it alone, or mixed with other unnecessary information,
or do you only get specific information that you need?
Information processing:
& Can you give examples of situations when you need to
find certain information yourself in order to be able to
carry out work tasks?
– Can you give examples of situations when you are pro-
vided with the information you need directly?
& Is the information that you use always relevant and appli-
cable, or do you need to make interpretations for work to
progress?
& How do you receive information related to your work?
& Do you know of any IT system, where production related
information is documented?
Integration:
& What information do you receive that originates from a
supplier?
– How do you receive that information?
& What information do you send to a supplier?
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– How do you send that information?
Organic internal organization:
& If you are unsure about how to perform a certain work
task, do you feel that you can get help or are able to discuss
the issue with someone?
& What type of decisions can you make relating to your
work?
– What type of decisions have you made related to your
work?
– What type of decision relating to your work is made by
others?
& Which production goals does the company have?
– How do you feel that it relates to your daily work?
& How do you work with product changes?
Dynamic collaboration within the value network:
& To what extent do you feel that you are working with your
customers?
– How much of your work is affected by customers?
– Howmuch of your work is affecting what your customers
can order?
& How do you receive information about customers’ specific
requests?
– Can you see customers’ own drawing or pictures?
Willingness to change:
& How do you feel you are managing mistakes made in
production?
& How often do you make changes in production to improve
the work environment?
& Is there anything concerning your work tasks that are
made automatically by an IT system?
& How is the training of new employees done?
– Are there possibilities for you to learn new competencies
that do not yet exist within the company?
& What type of change that has been made at the company
originates from an initiative by either you or one of your
colleagues in production?
– What type of changes are made by a decision from
management?
Social collaboration:
& How have you been involved in changes in production?
– Have you influenced decisions?
– Have you implemented changes?
& Do you have examples of when you are sharing informa-
tion and experiences about the production with your
colleagues?
& Which work tasks do you perform based on your own
experiences?
– Which work tasks do you perform based on written
information?
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